Introduction: To evaluate, if targeted strip biopsies decrease trauma/pain perception while maintaining diagnostic accuracy in patients with the diagnosis of high-grade squamous intraepithelial lesions of the uterine cervix. Patients and Methods: Between July 1st and December 31st 2014 we performed colposcopically directed strip biopsies in 102 patients with colposcopic suspicion of high-grade squamous intraepithelial lesions of the uterine cervix. We used a 3 mm curette for harvesting tissue samples under VITOM ® videocolposcopy. So far, 60 patients underwent additional loop excision. Histologic examination of strip biopsies and loop specimens included routine hematoxylin and eosin staining as well as immunohistochemical staining for p16, Ki 67 and stathmin-1. Results: 55 patients (53 %), were histologically diagnosed with cervical intraepithelial neoplasia grade 3 on strip biopsies. Adenocarcinoma in situ was diagnosed in 2 patients (2 %), cervical intraepithelial neoplasia grade 2 in 35 patients (34 %), and cervical intraepithelial neoplasia grade 1 in 10 patients (10 %). The agreement between histologic results of strip biopsy and loop specimen was highly significant: In all 60 strip biopsies diagnosed with high-grade squamous intraepithelial lesions this diagnosis was confirmed histologically during follow-up loop specimen excision (high-grade squamous intraepithelial lesions in 58 patients, invasive disease in 2 patients). The pain level experienced during strip biopsy was rated on average 0.25 on a scale from 0 to 10. No clinically significant bleeding was reported. Conclusion: Targeted strip biopsies with a 3 mm curette are a reliable procedure to diagnose highgrade squamous intraepithelial lesions of the uterine cervix and yield high patient satisfaction (l " Video 1). High trait anxiety prior to and post colposcopy is a risk factor for experiencing pain [3] . Topical application or local injection of anaesthetics increases the duration of the procedure with little or no effect on perception of pain [4] [5] [6] . Other techniques such as asking the patient to cough or offering the patient visual distraction during biopsy have limited effect [5, 7] . Therefore, the ideal biopsy technique should minimize trauma with no loss in diagnostic accuracy. An intrinsic feature of highgrade CIN is decreased adherence between epithelium and stroma. This gives rise to the colposcopic "rag sign" [8] . Neoplastic cervical epithelium scales off easily, even by slight contact with a swab or speculum and can be evaluated histologically. This phenomenon is passed down in personal communication by colposcopists and pathologists and formed also the basis of cold knife scraping of the portio as an alternative to conization or hysterectomy [2] . However, its biological basis remains unclear. In our study we addressed the question if the trauma associated with conventional punch biopsy can be diminished or even annihilated by scraping off small strips of epithelium without causing discomfort to the patient. We correlated our colposcopic and histologic findings by strip biopsy and loop specimen with the patientʼs experience of trauma and pain prospectively.
Patients and Methods

!
Patient recruitment
Between June 2014 and December 2014, 140 patients with a history of an abnormal Pap smear, high-risk HPV in a cervical smear, or abnormal clinical findings of the cervix uteri were referred to the Institute for Cytology and Dysplasia, Berlin, Germany. All patients referred to our colposcopy clinic were consecutively included in our study. Patients with colposcopic normal findings (n = 4), minor change (n = 19), transformation zone type 3 as defined by IFCPC [11] , (n = 10), patients with visible invasive cancer (n = 1) and patients with a history of hysterectomy (3) or previous radiation (1) were not excluded from our study. Given these criteria 102 out of 140 patients (73%) were eligible for our evaluation. In our institute all patients undergoing video recorded procedures have to give written consent for archiving imaging material and agree to be consulted prospectively for their medical history and well-being during follow-up. The study protocol was not presented to an Internal Review Board since all procedures as well as all data collected were part of our clinical routine. An elaborated workflow is established in our institute: all patients with suspicious findings are presented in an interdisciplinary conference where cytologists, gynecologists, and pathologists are present. Cytologic and histologic findings, FULL HD video exoscopy (colposcopy) and HPV test results are demonstrated.
Colposcopy
In our prospective study setting each patient underwent video exoscopy, using the VITOM ® System. The VITOM ® System, a video exoscope based system (KARL STORZ, Tuttlingen, Germany), allows FULL HD video documentation of the colposcopic examination. This technique is used for reevaluation and communication of colposcopic findings [9] .
Videocolposcope guided strip biopsy and loop excision
Histologic confirmation by VITOM ® guided strip biopsy was performed on all patients with a colposcopic diagnosis of major change, suggestive of CIN 2 or CIN 3 (l " Figs. 1 to 5, l " Video 1). For colposcopic grading we mainly rely on 4 pathognomonic signs which we described previously [10] : the diagnosis of major change is made when inner border sign, ridge sign, rag sign and/ or cuffed crypt openings are seen. The presence of coarse mosaicism or punctuation were used as adjuncts in the diagnosis of major change. After obtaining the histopathologic result of strip biopsy a followup Vitom guided loop excision was performed as a second procedure in all patients with a diagnosis of CIN 3 in strip biopsy, and in patients with a histological diagnosis of CIN 2 in strip biopsy, when older than 25 years with an atypical transformation-zone type 2 or type 3 or cytologic diagnosis suggestive of CIN 3.
Histologic evaluation
Histology of biopsies and loop excisions was performed on formalin-fixed, paraffin-embedded tissue, which was serially sectioned and stained with hematoxylin/eosin (l " Fig. 6 ). All tissue thode zur Diagnose von High Grade squamous intraepithelial Lesions verbunden mit einer hohen Patientinnenzufriedenheit (l " Video 2). Fig. 1 An atypical transformation zone type 1 with opaque acetowhite epithelium and ridge sign at 5 and 6 oʼclock can be identified in this 36-year-old woman on oral contraceptives (Gravida 1, Para 1) with a history of a Pap smear with ASC-H and detection of high-risk HPV (not specified). All subsequent figures relate to this patient.
samples underwent immunohistochemical staining according to standard protocols for possible detection of high-grade CIN using the following markers, p16, Ki 67 and stathmin-1 (STMN1) [18] [19] [20] . These markers are especially useful when small tissue particles are analyzed. CIN was classified according to the criteria described by Crum [13] and WHO [14] . CIN 2 or CIN 3 expressed p16 and Ki67 and stathmin-1 into the middle or upper epithelial level (l " Figs. 7 to 9 ).
Pain evaluation
Patients were asked if they experienced discomfort or pain prior and directly after the strip biopsy. Pain was subjectively measured on a scale from 0 to 10 with 0 equaling no pain and 10 experiencing excruciating pain [12] . " Level 0: no pain " 1-3: mild pain (nagging, annoying, interfering little with ADLs [Activity of Daily Living]) " 4-6: moderate pain (interferes significantly with ADLs) " 7-10: severe pain (disabling; unable to perform ADLs) Patientsʼ pain impression was documented in our data base.
Statistical analysis
Accordance between the histo-pathologic results of strip biopsy and subsequent loop excision was analysed by binomial test.
Results
!
Study population
Between June 2014 and December 2014, 102 patients with a history of an abnormal Pap smear, high-risk HPV in a cervical smear, or abnormal clinical findings of the cervix uteri were included in our study. The average age was 34.1 years and all patients underwent cervical strip biopsy. A follow-up loop excision was per- formed in 60 patients. 32 patients were current smokers, 10 patients previous smokers and 60 patients had never smoked. 90 patients were premenopausal, 8 patients perimenopausal and 3 patients postmenopausal. On cervical strip biopsy, 54% (n = 55) of patients were diagnosed with CIN 3, 2 % (n = 2) with adenocarcinoma in situ (ACIS), 34 % (n = 35) with CIN 2 and 10 % (n = 10) with CIN1 (l " Table 1 ).
Accordance of histopathological results of strip biopsy and loop specimens 95 % of CIN 3 diagnosed by strip biopsy were confirmed in the loop specimen (l " Table 2 ). Statistically the proportion of CIN 3 in loop excision was at least 95% and of CIN 2 or CIN 3 100 %. CIN 2 and microinvasion were diagnosed in loop specimen in one patient, respectively. 47 % (n = 9) of CIN 2 diagnosed by strip biopsy showed CIN 2 in the loop specimen; 53% (n = 10) of biopsies were diagnosed as CIN 3. Strip biopsies with diagnosis of CIN 2 were significantly associated with CIN 2 or CIN 3 in loop excision. In these 10 patients who had been underdiagnosed by strip biopsy five showed only small areas of CIN 3 in the loop specimen (horizontal extension less than 1 mm). No patient showed less than CIN 2 in the loop specimen. In both patients with the histopathologic diagnosis ACIS in strip biopsy ACIS was confirmed in the loop specimen with additional microinvasion in one of these patients.
Quality of obtained tissue by strip biopsy for histopathological evaluation
The adequacy of the biopsy was judged to be sufficient for a reliable diagnosis in 95 of 102 (93.1 %) specimens by the pathologist. The remaining cases had not sufficient material for a definite grading of CIN. Histologically the strips of epithelium were usually free of underlying stroma and showed high expression of p16 and Ki67 and stathmin-1 up to the middle or upper third layer depending on the grade of CIN (l " Figs. 7 and 8) . Immunostaining was of adequate quality in all samples independent of tissue size or CIN grade. Especially in small tissue particles immunostaining was valuable in order to identify HSIL. Discrimination between CIN 2 and CIN 3 was impossible, when the epithelial strips had been oriented horizontally: a horizontal section through the intermediate epithelial layer where all cells expressed p16 and Ki67 was diagnosed as CIN 2 which lead to undercall of 5 strip biopsies where the loop specimen showed CIN 3 (l " Table 2) .
Pain evaluation
82 of 102 patients (80.4 %) reported no sensation during strip biopsy, 15 patients (14.7%) reported a pain score 1 and 5 patients a pain score 2 (4.9 %). The mean pain score was 0.25. There was no association between pain score and age, grade of CIN or smoking. None of our patients reported significant bleeding following strip biopsy. None of our patients needed a second examination or intervention.
Discussion
!
In a colposcopy clinic the colposcopist identifies areas suggestive of CIN 2, CIN 3 or invasive cancer. These areas are biopsied and histologically evaluated. If invasive disease is suspected a punch biopsy or loop excision including epithelium and stroma is mandatory for a correct diagnosis. However, colposcopy clinics are rarely visited by women with invasive disease and the main task is to identify patients with high-grade SIL. This was also the case in our series where 2 patients showed microinvasion which could only be confirmed in the loop specimen and may have been missed by punch biopsy. 93% of the strip biopsies were of adequate size and quality for proper histopathologic evaluation which is in accordance with international guidelines (i.e. more than 90 %) [15] . Thus, we showed that the use of targeted small strip biopsies give an excellent and highly significant correlation with the underlying preneoplastic disease when the area with the most severe histologic changes is properly identified by colposcopy. In a metaanalysis of 7873 paired punch/definitive histology comparison sensitivity for a punch biopsy to diagnose CIN 2+ disease is 91.3 % (95 % CI 85.3-94.9 %) and specificity is 24.6 % (95% CI 16.0-35.9 %) [16] . The sensitivity we had using previously defined pathognomonic signs was 90.2 %, 92 out of 102 patients with major change (i.e. 90.2 % had CIN 2+) and, thus, comparable to punch biopsy results. Since we biopsied exclusively patients with major change we cannot calculate specificity in this study. In our study the correlation between the strip result and definite histology was 97 % for prediction of CIN 3 or microinvasion. CIN 2 on strip biopsy was upgraded to CIN 3 in 53 % of patients on definite histology. This was partly due to small foci of CIN 3 within CIN 2 and partly due to horizontal orientation of the epithelium in the histologic evaluation. Since all patients with histologically confirmed diagnosis of CIN 2 and age older than 25 years underwent loop excision this "undercalling" of CIN 3 was no disadvantage for the patient. Biopsy trauma may be minimized with a superficial small diameter biopsy forceps. Still, even if this procedure is performed by an experienced colposcopist, 53 % of women reported pain, 46 % discharge, 79% post-biopsy bleeding and 43 % some change to their subsequent menstrual bleeding; the authors conclude that cervical punch biopsies carry a substantial risk of side-effects, similar to LLETZ [1] . Post-colposcopy distress is correlated with pain experienced during colposcopy. Women with high trait anxiety have a greater risk for developing negative psychosocial consequences after the procedure [3] . In order to alleviate pain within colposcopically directed cervical punch biopsies, the topical application of 10 % lidocaine spray was compared to placebo in a randomized, double-blind study in 214 women: pain scores were 2.18 ± 1.7 in the lidocaine group and 2.31 ± 1.6 in the placebo group and, thus, patients did not benefit from topical lidocaine anesthesia prior to cervical punch biopsy or ECC [4] . Injected local anaesthetics were not more effective than forced coughing during biopsy as shown in a prospective study of 100 consecutive patients; they added pain related to cervical injection and increased operative time significantly [5] .
In another randomized controlled study of 114 patients the pain score obtained during the first cervical biopsy was significantly lower when local anesthesia was applied, but the injection also added to the duration of the procedure. It was concluded that local anesthesia, but not forced coughing, provides significant pain relief during cervical biopsy [6] . Visual distraction may also be used to reduce pain associated with colposcopically directed biopsies. This was shown in a nonrandomized intervention design where women were distracted by images on a light diffuser installed within the examination roomʼs ceiling light: these women had a 54 % reduction of postexamination pain compared with women who did not receive the visual distraction [7] . Gentle language is another method to effectively decrease pain associated with surgical procedures: A randomized study in patients with cervical biopsies compared standard language to gentle, non-pain-based language. The results showed a pain score of 3.1 versus 2.9, which was not significantly different [17] . So far no successful strategy has been defined to help alleviate biopsy trauma for women visiting a colposcopy clinic. Therefore, innovative concepts need to be investigated. We believe that strip biopsies are a viable option for improving the quality of life for these women. This study has several strengths: First, we prospectively evaluated a cohort of consecutive patients in a routine setting where the team included several colposcopists and pathologists. Second, we used previously defined pathognomonic signs which have been analysed over a 20-year period. This allowed for a tight correlation between colposcopic findings and histologic outcome. Third, no random sampling was done. Our patients were treated with targeted biopsies. This method decreased fear and increased cooperation. Fourth, our small strip biopsies left the main area of CIN intact. There was no tissue destruction by random/deep biopsies and no significant subsequent inflammatory reaction. This facilitated a definite evaluation in loop excisions. However, there are a few limitations to this study: First, the pathologists were not blinded to the results of the strip biopsy when evaluating the loop specimen for definite histological diagnosis. Second, for paraffin embedding orientation of the small epithelial specimen of strip biopsy needs diligence and training. If oriented horizontally, tangential sections will result. Pathologists see only basal and parabasal layer and may have to undercall CIN 3 since the upper epithelial layers are not demonstrated. Third, our institution routinely performs immunhistochemical stains for p16, Ki 67 and STMN1 on cervical specimen. This is not part of the currently recommended routine work-up and is not supported by guidelines. However, immunohistochemistry is an extremely useful adjunct when analyzing minute strips of tissue. Therefore, our immunoresults are probably difficult to reproduce in a routine setting when only H & E stains are performed (albeit on usually larger biopsy material). Fig. 7 Immuno-staining of the strip specimen using p16 and Ki67 antibodies shows expression of both antigens in the upper layer of the epithelium consistent with CIN 3. Fig. 8 Immuno-staining using p16 and Ki67 antibodies showing anisonucleosis and increased nuclear-cytoplasmic ratio consistent with CIN 3 at higher magnification compared to l " Fig. 7 . Fig. 9 Definite histological evaluation of the loop specimen reveals CIN 3 on immunostaining using p16 and Ki67 antibodies with glandular expansion and transition to normal non-keratinizing epithelium at the right side.
Fourth, we did not perform loop excisions on 10 patients with CIN1 (these women are still under follow-up). This verification bias may have increased the accuracy of our results.
Conclusion
!
We feel that strip biopsies are a painless and valid technique for histopathologic diagnosis of high-grade SIL which eventually increases the benefit for the respective patient. To further evaluate our findings, our next step will be a prospective study comparing the accuracy between strip and punch biopsies, and their influence on the quality of life of women who underwent these procedures. We will try to determine whether strip biopsies are viable to be integrated into routine colposcopy. 
